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Abstract  
Objectives: There is an epidemic of Mesoamerican Nephropathy (MeN) in Central America, where 
sugarcane production is prominent. Numerous causes are proposed, but to date limited evidence 
supports any one hypothesis. A nested case-control study using biosamples from a rural, community-
based follow-up study of 350 young adults from Northwest Nicaragua at risk of MeN, was conducted 
with the aim of characterising the associations between urinary concentrations of metals, pesticides 
and mycotoxins from samples collected in the first 6 months, and decline in kidney function over 2 
years.  
Methods: Urine samples collected at baseline (pre-sugarcane harvest) and the first 6-month follow-up 
(post-sugarcane harvest) visit were tested. Twelve metals and metalloids (Al, total As, Cd, Co, Cr, Cu, 
Hg, Mn, Pb, Se, Si and Sr) were analysed by inductively-coupled plasma-mass spectrometry. Twelve 
pesticides or their metabolites (2,4-D, 3-PBA, 4F3PBA, CFCA, DCCA, ETU, glyphosate, MCPA, 
OH-PYM, 5-OH-TBZ, TEB-OH and TCP), and two mycotoxins (OTA and CIT), were analysed by 
liquid chromatography coupled mass spectrometry. Differences in the creatinine-corrected urinary 
concentrations of the measured exposures between outcome groups (participants with stable versus 
declining kidney function) were examined. 
Results: Elevated levels of aluminium and total arsenic as well as metabolites of several pesticides 
were detected across the population. No differences were identified between the declining and stable 
groups in the levels of metals or pesticides tested. OTA and CIT were below the limit of detection. 
Conclusions: The tested metals, metalloids, pesticides and mycotoxins were not associated with loss 
of kidney function in participants at-risk of MeN. 
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Key messages  
What is already known about this subject? 
• Mesoamerican Nephropathy (MeN); also known as Chronic Kidney Disease of undetermined 
aetiology (CKDu), has affected mainly agricultural workers; particularly sugarcane cutters, in 
the rural areas of Nicaragua, El Salvador, Guatemala and Costa Rica over the last 3 decades. 
• Proposed causes of CKDu include occupational and environmental exposures, including food 
and water contaminated with metals, pesticides (in particular glyphosate) and possibly 
mycotoxins, as well as exposure to recurrent dehydration/heat.  
What are the new findings? 
• The population is exposed to elevated concentrations of aluminium and total arsenic but there 
was no association with renal decline. 
• The levels of pesticide metabolites 3-PBA, DCCA and TCP indicate a degree of exposure of 
the population to pyrethroids and chlorpyrifos, whereas glyphosate was only detected 
infrequently and at low levels and there was no evidence of exposure to Ochatoxin A or 
Citrinin. 
 
How might this impact on policy or clinical practice in the foreseeable future? 
• Studies should investigate other potential causes of the disease including alternative 
environmental toxins, infectious diseases, response to dehydration/heat and potential genetic 
susceptibility. 
• Beyond established occupational and environmental safety standards for the handling of 
pesticides, no additional interventions to prevent disease caused by the measured exposures 
can currently be recommended.  
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Introduction 
Over the last three decades, an unexplained form of chronic kidney disease (CKD) has emerged 
throughout Central America (1). The disease is known to predominantly affect people working in 
physically intense manual labour, especially those engaged in sugarcane cultivation and production 
(2). In Mesoamerica, it has been estimated that, by 2012, CKD of undetermined aetiology (CKDu also 
known as Mesoamerican Nephropathy (MeN)) had caused the premature death of at least 20,000, 
mainly male, young adults (3). Several similar epidemics of CKDu have been described in 
agricultural workers in other tropical regions, for example, Sri Lanka and India (4,5).  
 
Like many forms of CKD, MeN is asymptomatic in the early stages. The key laboratory finding is 
increased serum creatinine (sCr) (reflecting a low estimated glomerular filtration rate; eGFR) which is 
observed before symptoms develop (6). Although both sexes are affected, the predominance of male 
agricultural workers suggests that occupational risk factors may play a major role in disease 
pathogenesis (7,8).  
 
To date, no clear cause of MeN has been identified. Environmental exposures to metals/metalloids, 
pesticides or mycotoxins, through contamination of water, soil, air and food could expose the 
population to hazardous levels (9). A number of metals, such as cadmium (Cd) and lead (Pb), are 
known to be nephrotoxic (10). There are limited epidemiologic data relating chronic exposure to 
pesticides to CKD and most studies have found little supportive evidence for a role of agrochemicals 
in the development of MeN (11). Ochratoxin A (OTA) and citrinin (CIT) which frequently co-occurs 
with OTA, are nephrotoxins produced by fungi of the genera Aspergillus and Penicillium under high 
temperatures and humidity, can commonly be found in food, well water and animal feed (12)(13). 
OTA has been implicated as a causal agent in a number of endemic nephropathies, including chronic 
interstitial nephritis in Tunisia (14,15). 
 
Since 2014, our team has been conducting the first prospective community-based cohort study 
investigating the evolution and aetiology of MeN. The study initially recruited 350 healthy men and 
women (3:1 ratio), from 9 rural communities in north-western Nicaragua (16). Participants were 
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invited to follow-up visits every 6 months (before and immediately after the sugarcane harvest). A 
rapid decline in kidney function was observed in approximately 10% of males and 3% of women over 
the first 2 years (16).  
 
The objective of the present study was to determine the concentrations of various metals and 
metalloids, pesticides or their metabolites and mycotoxins in urine samples. Analysis was performed 
in samples collected at baseline and at the first 6 month follow-up visit and differences in the urinary 
concentration of exposures, between the group that experienced decline of kidney function and those 
with stable function over the 2 year study period, examined using a nested case-control approach. 
 
Methods 
Study Population 
The study rationale, design and baseline findings have been reported elsewhere (16,17). Briefly this 
was a population-representative, community-based follow-up study recruiting 350 men and women 
(ratio 3:1) aged 18-30 years without self-reported CKD or traditional CKD risk factors (diabetes or 
hypertension). Analyses were performed on urine samples collected at baseline (before the harvest - 
visit 1) and 6 months later (at the end of the harvest - visit 2).  
 
Sample collection 
First morning urine samples (typically more concentrated and hence likely to contain higher levels of 
the analytes of interest) were collected between 3-6 am (before workers go to the fields). Samples 
were aliquoted into BD Vacutainers with boric acid (2.63 mg/mL boric acid, 3.95 mg/mL sodium 
borate and 1.65 mg/mL sodium formate) for metal and metalloid analysis, and without boric acid for 
pesticide and mycotoxin analysis (see Supplementary Methods for details). Urinary biosamples were 
selected because they are relatively easy to collect and non-invasive. Samples were collected at the 
baseline visit (November 2014) and from the same individuals at the first follow-up visit 6 months 
later.  
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Outcome measure 
We used the same outcome groups that were derived as part of original analysis of the cohort follow-
up (17). Briefly, a growth mixture model was used to agnostically allocate participants to renal 
function trajectory groups: (i) stable; (ii) rapid decline from a normal baseline eGFR; and (iii) 
established kidney dysfunction based on the eGFR calculated using serum creatinine and cystatin C 
(eGFRScr-Scys) across the whole 2-year study period (visits 1 to 5).  
 
As the aim was to investigate possible causal associations, we primarily examined the levels of 
exposures in the group of participants experiencing rapid decline in kidney function from a normal 
baseline (i.e. cases; n=25 men, with a mean change in eGFR -18.2 mL/min/1.73 m2 per year) as 
compared to the levels in the stable group (i.e. controls; n=213 men, with a mean change in eGFR 
−0.6 mL/min/1.73 m2 per year; including either the whole group or an age-, community- and 
occupation-matched sample). Comparisons of exposure concentrations in women, between the small 
number demonstrating a rapid decline (n=3, with a mean change in eGFR −14.6 mL/min/1.73 m2 per 
year) and the stable group (n=84, with a mean change in eGFR −0.6 mL/min/1.73 m2 per year), are 
presented in the Supplementary Material.  
 
Urinary analysis of metals, pesticides and mycotoxins 
All urine samples were analysed for elemental concentrations. Three hundred fifty samples from visit 
1 and 291 samples from visit 2 (17% of the participants lost to follow-up at visit 2) were analysed by 
inductively-coupled plasma-mass spectrometry (ICP-MS) to measure aluminium (Al), total arsenic 
(As), cadmium (Cd), chromium (Cr), cobalt (Co), copper (Cu), lead (Pb), manganese (Mn), mercury 
(Hg), selenium (Se), silicon (Si) and strontium (Sr) in all study participants (see Supplementary 
Methods for further details). Levels of metals and metalloids were compared with thresholds reported 
in studies in Belgian, Mexican American and UK general population (18–21) (Supplementary Table 
and Figures). 
 
Pesticides or their metabolites (selected because of evidence of local use along with analytical 
capability), OTA and CIT were measured in all the samples from men with rapidly declining kidney 
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function and a number of age-, sex-, community- and occupation-matched individuals from the stable 
groups. In total, 57 samples from visit 1 and 46 samples from the same individuals from visit 2 were 
analysed by liquid chromatography-tandem mass spectrometry (LC-MS/MS) for (i) the phenoxyacid 
herbicides 2,4-dichlorophenoxyacetic acid (2,4-D) and 4-chloro-2-methylphenoxy acetic acid 
(MCPA), and the herbicide N-(phosphonomethyl)glycine (glyphosate); (ii) metabolites of 
insecticides; chloro-3,3,3-trifluoro-1-propen-1-yl-2,2-dimethylcyclopropanecarboxylic acid (CFCA), 
3,5,6-trichloro-2-pyridinol (TCP), 4-fluoro-3-phenoxybenzoic acid (4F3PBA), 3-phenoxybenzoic acid 
(3-PBA) and cis/trans 3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropane carboxylic acid (DCCA), all 
pyrethroid metabolites except TCP which is a metabolite of the organophosphate chlorpyrifos; and 
(iii) metabolites of conazole fungicides; hydroxy-tebuconazole (TEB-OH) and 5-hydroxy-
tiabendazole (5-OH-TBZ), and metabolite of pyrimidine fungicides 3-hydroxy-pyrimetanil (OH-
PYR), and of dithiocarbamate fungicides, ethylenethiourea (ETU) (22–24) (see Supplementary 
Methods for further details). 
 
OTA and CIT were determined by LC-MS/MS at the National Institute of Health Dr Ricardo Jorge, 
Portugal (25,26) (see Supplementary Methods for further details). 
 
To control for variation in urinary concentration levels of metals, metalloids, pesticides and 
mycotoxins were adjusted for creatinine (Jaffe reaction, see Supplementary Methods) (27). 
 
Statistical analyses 
Data were analysed using IBM SPSS Statistics version 25 with significance threshold set at p=0.05. 
Descriptive analysis was undertaken separately for men and women. Unpaired student’s t-test was 
used to test the null hypothesis that there were no differences in the parameter of interest and the 
kidney function trajectory groups in men only. Calculation of the effect size for the assessment of the 
power of the effect of the different kidney groups was performed using G*power 3.0.10 
(Supplementary Methods).  
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Results 
The study population consisted of 263 men and 87 women recruited from nine communities (Table 1). 
At the beginning of the study 66% of the participants (n=198) worked in agriculture including 
sugarcane and banana plantations.  
 
The median creatinine-adjusted urinary concentrations and interquartile ranges of metals and 
metalloids from the whole cohort, for visit 1 and visit 2, men and women, are shown in Table 2. When 
the results were compared with internationally-published reference levels only levels of urinary Al, 
As, Mn and Si were elevated. Urinary levels Se and Cu were lower than the published referenced 
ranges. No differences were observed between the two study visits in urinary concentrations of Cd, Pb 
and Hg but a decrease in the median levels of Al, As, Cr, Co, Cu, Mn, Se and Sr urinary 
concentrations was observed at visit 2 compared to visit 1 (Table 2). When comparing men whose 
kidney function remained stable over the follow-up period and those whose kidney function declined 
(Figure 1), no differences were observed for any of the metal concentrations. An increase in Pb was 
noted in the three women with declining kidney function (Supplementary Figure 1). When values 
uncorrected for creatinine were examined, the levels of As, Cd, Pb and Hg were found to be slightly 
increased for both men and women at visit 2 but again no differences were observed between the 
kidney function trajectory groups (Supplementary Figure 2 and 3).  
 
In the subset of samples analysed for pesticides, the highest median creatinine-adjusted urinary 
concentrations were found for 2,4-D, 3-PBA, DCCA, ETU, TEB-OH and TCP (Table 3). Glyphosate 
urinary concentrations were below the limit of detection (LOD) (0.1 ng/mL) for the majority of the 
samples (68% and 70% of all samples tested at visit 1 and visit 2, respectively). 4F3PBA, CFCA, 
MCPA, OH-PYM and 5-OH-TBZ were below the LOD (0.1 ng/mL and 0.5 ng/mL for 5-OH-TBZ). 
When comparing those whose kidney function remained stable over the follow-up period and those 
whose kidney function declined, no differences were observed for concentrations of any of the 
pesticides or metabolites in men (Table 3 and Figure 2) or women (Table 3 and Supplementary Figure 
4). Between the two visits, there was a decrease in the log transformed creatinine-corrected 
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concentration of 2,4-D, 3-PBA, DCCA, ETU, TEB-OH and TCP in men (Figure 2). When examining 
values uncorrected for creatinine (Supplementary Figure 5), 2,4-D and TCP remained lower at visit 2 
but again no differences were seen between renal function trajectory groups. Similarly, in the small 
number of women, there was a decrease in the log transformed creatinine-corrected and uncorrected 
concentrations of, 3-PBA, ETU, TEB-OH and TCP at visit 2 (Supplementary Figure 6). 
 
OTA and CIT were below the LOD (≤0.82 nmol/L) for both analytes and no further analyses were 
performed. 
 
Discussion  
 
Key Results 
This study tested the hypotheses that exposure to metals and metalloids, pesticides and mycotoxins 
play a primary causative role in the development of MeN. Although urinary levels of Al, As, Mn and 
Si were above published reference values, and evidence of exposure to pesticides was found, there 
were no associations with decline of kidney function. OTA and CIT levels were below the LOD 
excluding them as potential causative factors of MeN. 
 
These data suggest significant environmental exposure to Al and total As (although we were unable to 
speciate As, see below). Median levels of Al and total As for both men and women at visit 1 and visit 
2, were higher than the reference ranges reported for European and Mexican American populations, 
between 4 and 7 times for Al and between 6 and 9 times for total As, respectively (18–20). Although 
systemic symptoms of acute Al and As toxicity can be non-specific (e.g. headache and nausea), 
characteristic manifestations (e.g. altered mental state, hyperpigmentation, keratosis, melanosis or nail 
changes) (28) were not reported by members of the cohort. High levels of metals (e.g. As or Cd) can 
induce acute kidney injury and have been proposed as biomarkers of kidney injury of other types, 
however it is unclear if, or at what levels, these metals cause chronic kidney injury (29). 
 
Population-level urinary As is highly variable, and lack of speciation limits the inferences that can be 
drawn. As is present in various pesticides and use and/or unsafe storage of these chemicals could lead 
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to direct exposure of workers and family members or to water and soil contamination. Fish is the main 
dietary source of As, and furthermore, Nicaragua is a volcanic country potentially increasing the 
population’s exposure to metals, through contaminated water, soil or air (30). A study measuring As 
in 19 workers with MeN showed As excretion in the normal range (6) but other published data from 
99 sugarcane workers in north-western Nicaragua reported that the eGFR of the group with the most 
elevated concentrations of As in urine (above 90th percentile) was 9 ml/min/1.73m2 lower than 
workers with low urinary As levels. (31).  
 
In our study, a decrease in the median concentration of creatinine-corrected Al, Cr, Co, Cu, Mn, Se 
and Sr was observed between visit 1 and visit 2. This may be due to changes in metal or chemical 
concentrations in water sources at different times of the year. It is also possible that this relates, at 
least in part, to creatinine correction as these differences were no longer apparent when uncorrected 
levels were examined as median levels of creatinine in the samples from visit 2 were relatively higher 
than visit 1. In turn, this increase in urinary creatinine might result from urinary concentration (due to 
hotter weather and more sweating), increased creatinine production (e.g. due to increased protein 
intake during the harvesting) or both.  
 
Non-occupational exposure to low doses of pesticides occurs widely from residues in food and/or 
contaminated air and water (32). Pesticides are widely used in Nicaragua to increase crop quality and 
yield. In Nicaragua pesticide use doubled between 2000 and 2004 (17). In the sugarcane industry, 
herbicides are the most used pesticides, and a mixture of 2,4-D, terbutryn, and ametryn is commonly 
used in the sugar production process in the study area (33). Subsistence farmers use organophosphate 
and pyrethroid insecticides (included in this study), as well as paraquat (34,35). Detectable levels of 
2,4-D, 3-PBA, DCCA, ETU, TEB-OH and TCP were found in the majority of samples tested from 
both the stable and the declining kidney function groups. Overall, the measured concentrations of 
pesticide metabolites, suggest exposure to 2,4-D, chlorpyrifos of which TCP is a metabolite; and 
pyrethroids (such as cypermethrin of which 3-PBA and DCCA are metabolites). Although glyphosate 
has been proposed to play an important role in the development of CKDu (36), the urinary levels of 
excreted glyphosate in the present study were below the LOD in the majority of the samples. In 
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contrast to the results from metals, using raw values rather than creatinine adjustment did not 
substantially alter the differences in pesticide and pesticide metabolite concentrations between the two 
visits.  
 
Finally, the absence of urinary OTA and CIT make it unlikely that contamination of food with these 
fungal toxins is a cause of MeN in Nicaragua. This contrasts with findings from other endemic areas 
with CKDu, in particular Tunisia, where a high prevalence of OTA in serum has been related to the 
development of CKD (15). 
 
Strengths and limitations 
This study is the first to systematically analyse urine samples for various potential nephrotoxic factors 
before and after the sugarcane harvest using longitudinal outcome data in a Nicaraguan population at 
risk of developing MeN. Previous studies generally used a cross-sectional design which is prone to 
reverse causation and restricts cases to the late stages of disease (to prevent misclassification) making 
it even more challenging to draw conclusions regarding causation. Furthermore, the community-based 
nature of this study means the exposures in the entire at-risk population are assessed with lower risk 
of selection bias.  
 
However, some limitations of the present study should be noted. Our study is only moderately sized, 
although the nature of the disease and its high prevalence in this population means that the power to 
detect associations with the outcome (rapid decline in eGFR) is higher than many studies with a 
similar number of participants. Post-hoc power calculations suggested it would be possible to detect 
associations with clinically important increases for most of the urinary metal concentrations. For 
example, we estimate there would have been over 80% power to detect a difference in As 
concentrations of 3 μmol/mol creatinine between groups. Similar calculations suggested we would 
have had 80% power to detect a difference in log transformed creatinine corrected levels of any of the 
agrochemicals of 0.8 standard deviations (SD). Clinically-relevant increases in urinary pesticide 
metabolites and OTA or CIT concentrations have not been defined, but it seems likely we would have 
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detected biologically important differences between the kidney function trajectory groups if there was 
a true association.  
 
A key limitation of this work is that exposures were only measured twice, once at baseline and again 
6-months later (each side of the main harvest), an approach which although likely to capture those 
with highest overall ambient exposures but importantly may misclassify those with high but 
intermittent, e.g. occupational, exposure. However, comprehensive assessment of time-accumulated 
pesticide exposure would require a biomonitoring study conducted over prolonged periods or the use 
of other approaches to assess retrospective pesticide exposures which were beyond the scope of this 
work. Furthermore, we analysed only urine samples when for some analytes other biosamples (e.g. 
whole blood or hair) may better reflect exposure. 
 
In addition, the non-speciation of urinary As, restricts our discussion about potential sources of As 
exposure. Finally, the limited sample size means it is not possible to investigate interactions between 
the measured exposures and other risk factors (e.g. dehydration/heat or genetic predisposition) that 
might underlie the evolution of disease. 
 
Conclusions 
MeN is still causing the death of tens of thousands rural workers in Central America. Although many 
hypotheses have been proposed, the exact cause(s) of the disease remain to be established. Our 
findings suggest that exposure to OTA and CIT is not a cause of MeN in Nicaragua. Similarly, higher 
levels of the metals and pesticide metabolites tested were not associated with renal function decline 
providing some evidence against a causal role in disease. However, high but intermittent exposure to 
the measured substances, other agrochemicals of widespread use that have not been quantified in the 
present study and interactions between the exposures measured and other factors, remain potential 
causes of MeN.  
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Tables 
Variables  Sex 
  Men  Women 
 Categories Visit 1 (n=263) Visit 2 (n=213)  Visit 1 (n=87) Visit 2 (n=78) 
  n % n %  n % n % 
Age (years) 
≤25   168 63.9 128 60.1  51 58.6 37 47.4 
>25  95 36.1 85 39.9  36 41.4 41 52.6 
Current 
occupation 
Sugarcane work 50 19.0 104 48.8  10 11.5 9 11.5 
Agriculture work 118 44.9 54 25.4  6 6.9 6 7.7 
Banana work 13 4.9 15 7.0  1 1.2 3 3.9 
Commerce-related jobs 5 1.9 14 6.6  9 10.3 7 9.0 
Construction 10 3.8 6 2.8  0 0.0 - - 
Other occupations 14 5.3 10 4.7  3 3.4 4 5.1 
Economically inactive population 53 20.2 10 4.7  58 66.7 49 62.8 
Water supply 
Tap water 139 52.9 - -  47 54.0 - - 
Dug well 98 37.3 - -  28 32.2 - - 
Drilled well 26 9.9 - -  12 13.8 - - 
Smoking status 
Smoker 103 39.1 98 46.0  1 1.2 1 1.3 
Non-smoker 160 60.8 115 54.0  86 98.9 77 98.7 
Alcohol 
consumption 
Any 141 53.6 114 53.5  8 9.2 6 7.7 
None 122 46.3 99 46.5  79 90.8 72 92.3 
Pesticide 
application 
Yes 135 51.3 63 29.6  12 13.8 12 15.4 
No  128 48.7 150 70.4  75 86.2 66 84.6 
 
Table 1. Selected sociodemographic variables of the cohort stratified by sex at visit 1 (pre-harvest) and visit 2 (post-harvest). In total, 350 participants 
were recruited of who 16.9% lost to follow-up at visit 2. 
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Table 2. Creatinine-adjusted urinary concentrations of metals and metalloids in men and women at visit 1 (pre-harvest) and visit 2 (post-harvest) 
Described as median and interquartile range (IQR). See text for abbreviations. 
 
  
Metals and metalloids Sex 
 Men Women  
(μmol/mol creatinine) Visit 1 (n=263) Visit 2 (n=213) Visit 1 (n=87) Visit 2 (n=78) 
 Median (25
th -75th IQR) Median (25th -75th IQR) Median (25th -75th IQR) Median (25th -75th IQR) 
Al 360.6 (216.5-629.2) 232.7 (157.4-393.9) 384.9 (222.8-631.2) 330.3 (170.6-534.1) 
Total As 120.0 (74.7-186.2) 83.1 (60.1-135.5) 120.6 (81.3-168.3) 100.4 (62.7-148.0) 
Cd 0.3 (0.2-0.5) 0.3 (0.2-0.4) 0.4 (0.2-0.6) 0.3 (0.2-0.5) 
Cr 0.8 (0.8-1.4) 0.7 (0.5-1.6) 0.9 (0.6-1.6) 0.9 (0.6-1.9) 
Co 0.9 (0.7-1.4) 0.8 (0.6-1.7) 1.2 (0.8-1.8) 1.0 (0.7-2.0) 
Cu 16.0 (12.3-21.8) 12.5 (10.0-16.4) 14.0 (12.2-22.5) 13.2 (9.8-18.2) 
Pb 0.3 (0.2-0.4) 0.3 (0.2-0.5) 0.3 (0.2-0.4) 0.3 (0.2-0.5) 
Mn 3.3 (1.6-6.4) 2.5 (1.4-5.6) 3.9 (2.3-7.0) 4.1 (2.6-7.6) 
Hg 0.1 (0.05-0.14) 0.1 (0.03-0.14) 0.1 (0.05-0.23) 0.1 (0.05-0.2) 
Se 23.9 (18.8-32.7) 19.8 (15.5-26.8) 27.1 (21.1-35.1) 23.7 (18.5-29.2) 
Si (mmol/mol creatinine) 179.9 (110.2-276.2) 165.6 (118.1-234.1) 152.9 (77.4-207.0) 147.1 (108.2-219.1) 
Sr  282.8 (121.4-627.0) 191.7 (137.7-261.5) 200.1 (84.0-437.9) 153.8 (111.3-237.0) 
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Table 3. Creatinine-adjusted urinary concentrations of pesticides and pesticide metabolites from a nested case-control men and women at visit 1 (pre-
harvest) and visit 2 (post-harvest) described as median and interquartile range (IQR) alongside the proportion of study participants with samples 
above the limit of detection. See text for abbreviations. LOD of 2,4D, 3-PBA, 4F3PBA, CFCA, DCCA, ETU, glyphosate, MCPA, OH-PYM, TEB-OH and 
TCP: 0.1 ng/mL. LOD of 5-OH-TBZ: 0.5 ng/mL. 
 
 
Pesticides and metabolites  Sex Samples ≥ LOD 
 Men Women Whole cohort 
(μmol/mol creatinine) Visit 1 (n=50) Visit 2 (n=40) Visit 1 (n=7) Visit 2 (n=6) Visit 1 (n=57) Visit 2 (n=46) 
 
Median (25th -75th 
IQR) 
Median (25th -75th 
IQR) 
Median (25th -75th 
IQR) 
Median (25th -75th 
IQR) 
% % 
2,4-D 1.0 (0.3-2.5) 0.3 (0.1-0.7) 0.1 (<LOD-1.1) 0.2 (<LOD -0.8) 91.2 91.3 
3-PBA 0.9 (0.6-1.7) 0.7 (0.3-0.8) 2.0 (0.5-2.2) 1.0 (0.6-2.3) 100.0 100.0 
4F3PBA <LOD <LOD <LOD <LOD 8.8 21.7 
CFCA <LOD <LOD <LOD <LOD 5.3 15.2 
DCCA 0.9 (0.4-1.6) 0.5 (0.3-0.9) 1.4 (0.5-1.7) 1.4 (0.5-2.9) 98.2 100.0 
ETU 0.7 (0.2-1.6) 0.4 (0.2-0.7) 0.4 (0.2-1.7) 0.3 (0.2-2.6) 92.9 100.0 
Glyphosate 0.0 (<LOD-0.1) 0.0 (<LOD-0.04) <LOD 0.0 (<LOD-0.1) 31.6 30.4 
MCPA <LOD <LOD <LOD <LOD 0.00 0.0 
OH-PYM <LOD <LOD <LOD <LOD 1.7 17.4 
5-OH-TBZ <LOD <LOD <LOD <LOD 0.00 0.0 
TEB-OH 0.2 (0.1-0.3) 0.1 (0.1-0.2) 0.1 (0.1-0.2) 0.1 (<LOD-0.3) 91.2 89.1 
TCP 0.5 (0.3 -1.1) 0.1 (<LOD-0.2) 0.5 (0.2-0.7) 0.0 (<LOD-0.2) 98.2 93.5 
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Figure Legends 
 
Figure 1. Selected log transformed creatinine-corrected urinary metal concentrations in men at 
visit 1 and visit 2 stratified by kidney function trajectory. A. Arsenic (As) levels. The dotted line 
represents the upper limits as characterised for a Mexican American population (20). p=0.92 and p=0.89 
for differences between stable and declining groups using Student’s t-test at visit 1 and visit 2 
respectively. B. Cadmium (Cd) levels. The dotted line represents the upper limits as characterised for 
Belgian and Canadian populations (18,19). p=0.81 and p=0.65 for differences between stable and 
declining groups using Student’s t-test at visit 1 and visit 2 respectively. C. Lead (Pb) levels.  The dotted 
line represents the upper limits as characterised for a Belgian population (18). p=0.31 and p=0.43 for 
differences between stable and declining groups using Student’s t-test at visit 1 and visit 2 respectively. 
D. Mercury (Hg) levels. The dotted line represents the upper limits as characterised for a Belgian 
population (18). p=0.19 and p=0.60 for differences between stable and declining groups using Student’s 
t-test at visit 1 and visit 2 respectively. Number of samples from visit 1: 263 and visit 2: 213, of which 
25 at each visit belong to the declining eGFR trajectory group.  
Figure 2. Selected log transformed creatinine-corrected urinary pesticide and pesticide 
metabolites concentrations in men at visit 1 and visit 2 stratified by kidney function trajectory. 
A. 2,4 D levels. p=0.58 and p=0.59 for differences between stable and declining groups using Student’s 
t-test at visit 1 and visit 2 respectively. B. Levels of 3-PBA, metabolite of various pyrethroids. p=0.14 
and p=0.08 for differences between stable and declining groups using Student’s t-test at visit 1 and visit 
2 respectively. C. Levels of DCCA, metabolite of various pyrethroids. p=0.29 and p=0.33 for 
differences between stable and declining groups using Student’s t-test at visit 1 and visit 2 respectively. 
D. Levels of TCP, metabolite of the organophosphate chlorpyrifos. p=0.57 and p=0.22 for differences 
between stable and declining groups using Student’s t-test at visit 1 and visit 2 respectively. Number of 
samples at visit 1: 50 and visit 2:40, of which 25 at each visit belong to the declining eGFR trajectory 
group. 
 
